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(57) Abstract: Methods and systems for evaluating and controlling a lithography process are provided (22,24,44,46,32). For exam- 
ple, a method for reducing within wafer variation of a critical meUic of a lithography process may include measuring (22) at least 
one property of a resist disposed upon a wafer during the lithography process (16). A critical metric of a lithography process may 
include, but may not be limited to, a critical dimension of a feature formed during the lithography process (32). The method may also 
include altering at least one parameter of a process module (36) configured to perform a step of the lithography process to reduce 
within wafer variation of the critical metric (46). The parameter of the process module may be altered in response to at least the one 
measured property of the resist (16). 
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TnXE: METHODS AIW SYSTEMS ITORIJTHOGRAPHY PROCESS CO^^ 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to systems and me&ods for evaluating and controlling senuconductor 
fabrication processes. Certain embodiments relate to systems and metibods for evaluating and/or controlling a 
10 lithography process by measuring a property of a resist and controlling & process step involved in the li&ography 
process. 

2. Description of the Related Art 

Senuconductor fabrication processes typically involve a number of liOiogiaphy steps to form various 

1 5 features and mnltqile levels of a semiconductor device. Lidiography involves transfening a pattran to a resist 

formed on a semiconductor substrate, which may be commonly referred to as a wafer. A reticle, or a mask, may be 
disposed above the resist and may have substantially transparent regions and substantial^ qmque regions 
configured in a pattern fliat may transferred to ike resist As sucb» substantially opaque regions of the reticle may 
protect underlying regions of tiie resist ftom eiqposure to an energy source. The resist may, therefore, be patterned 

20 by selectively exposing regions of the resist to an energy source such as ultraviolet Hgh^ a beam of electrons, or an 
x-ray source. The patterned resist may then be used to mask underlying layers in subsequent semiconductor 
fabrication processes such as ion implantation and etch. Therefore, a resist may substantially inhibit an underlying 
layer such as a dielectric material or the semiconductor substrate from ingjlantation of ions or removal by etcL 

As the features sizes of semiconductor devices continue to shrit^kj the minirmiTTi feature size which may be 

25 successfully fabricated may often be limited by performance characteristics of a lithography process. Examples of 
performance chanictraistics of a U&ography process mchide, but are not limited to, resolution cs^ability, across 
chip Imewidtih variations, and across wafer linewidtfa variations. In optical lithography, performance characteristics 
sudi as resolution capability of the h&ogr^hy process may often be limited by fhe. quality of die resist application, 
the performance of fhe resist, the exposure tool, and the wavelength of light \diich is used to expose ike resist Ihe 

30 ability to resolve a miniiymm feature size, however, may also be strongfy dependent on other critical parameters of 
the lidiography process such as a ten^erature of a post exposure bake process or an exposme dose of an exposart 
process. As such, controlling the critical parameters of lidiography processes is becoming increasir^y inq>ortant to 
the successful fabrication of semiconductor devices. 

One strategy to inq)rove the performance characteristics of a lithography process may involve controlling 

35 and reducing variations in critical parameters of fhe Holography process. For exan^le, one critical parameter in a 
lithography process may be the post exposure bake ten^)erature. In particular, a chemical reaction in an ejqsosed 
portion of a chemically amplified resist may be driven and controlled by heating the resist subsequent to the 
exposure process. Such a resist may include, but may not be limited to, a resin and a photo-acid generating 
conq)Ound. The teaQ)erature of a post exposure bake process may drive generation and diffusion of a photo- 
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generated acM in the lesbt that causes deblocking f the resin. Deblocking f die lesin may substantially alter tfie 
solubility of tbe resist such that it may be renooved by exposure to an aqueous developer solution in a subsequent 
developing process. As such, teooperature-controlled di£Eusion in the esiposed resist may affect physical dimensions 
of remaining resist, or resolved features. Furthennoxe, variations in tenqperature across a bake plate of a post 
5 esqiosure bake process module may cause variations in the dimensions of the features at various positions on a 
wafer. Therefore, the resolution capability of a li&ography process may be improved by redudng t em perat u re 
variations across the bake plate of a post exposure bake process module. 

There are several disadvantages, however, in using currently available methods to improve the resohition 
capability of lithography processes. For exa]iq)le, currently available methods may not account for degradation in 

10 the uniformily of a critical parameter over time. For a post exposure bake module, tiiermal relaxation of heating 
elements, contanmiation, or other performance variations may adversely affect the resolution c^abiUty of a 
lithography process to various degrees over time. As such, monitoring and controlling time-dependent variations in 
tiie critical parameters may maintain and improve the perfinmance characteristics of a lithography process. In 
addition, integrated control mechanisms that may currently be used to monitor variations in tiie temperature of die 

15 post exposure bake modde may control arid alter the process at die wafer level. Therefore, all positions, or fields, 
on die wafer are affected equaUy and iriq)rovements are made for an average peifo^ Indus 
maimer, systematic variations in die resolution capability fiK>m field to field across a wafer may not be monitored or 
altered, which may have an adverse affect on die overall pof ormance characteristics of a lidiography process. 
Accordingly, it may be advantageous to develop a method and a systan to evaluate and control a 

20 Hdiography process such diat within wafer variability of critical dimraisions of features formed by a lidiogr^hy 
process may be reduced. 

SUMMARY OF TEDS INVENTION 
An embodiment of the invention relates to a method for reducing within wafer ("WIW^ variation of a 

25 critical metric of a lidiography process. A critical metric of a lithography process may include, hut is not limitBd to, 
a critical dimension of featores formed during the lidiogRq[)hy process and ov^lay. Critical dimensions of features 
formed during a lidiogr^hy process may inchide, for exanqile, a widdi, a height, and a sidewall pibSle of die 
features. Overlay g^eraliy refers to a lateral position of a feature on one level of a wafer with respect to a lateral 
position of a feature on another level of the wafer. The lidiography process may inckide optical lidiogr^hy, e- 

30 beam lithography, or x-ray lithography. 

The mediod may include measuring at least one property of a resist disposed upon a wafer during the 
lithography process. For example, the method may include measuring at least the one property of the resist at 
various locations across the wafer. In addition, the mediod may inchide measuring at least the one property of die 
resist between steps of die lithography process or during a step of the hdiography process. Furthermore, die 

35 method may include measuring at least one property of a resist disposed upon at least two wafers during the 
lithography process. At least the one property may mchide, but may not be limited to, a thickness, an index of 
refiaction, an extinction coefBcient, a linewidth of a latent image, a hei^t of a latent image, a widdi of a feature, a 
height of a feature, overlay, or any combination diereof. A latent image generally refers to an image that may be 

2 
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fonned in an exposed lesist subsequent t ap st exposure bake process. 

The method may furdier include altering at least one parameter of a process module, configured to 
peifomi a step of the lithography process, in response to at least tiie one measured property of the resist In this 
manner, within wafer variation of a criticd metric may be reduced. The process module may inchid ,butmayn t 
5 be limited to, a sur&ce preparation module, a coat module, a bake module, an expose module, or a develop module. 
In addition, if at least one property of a resist disposed upon at least two wafers is measured, Oen the method may 
include altering at least one parameter of a process module in response to at least the one measured property of the 
resist disposed i^on at least the two wafers. At least die one parameter may be altered using a feedback control 
technique, a feedforward control technique, an in situ control technique, or any combination thereof. 
10 Altering at least the one parameter may include processing a first portion of a wafer with a first set of 

process conditions during the step and processing a second portion of the wafer with a second set of process 
conditions during the step. For example, if at least the one measured property includes fluckoess variation across 
the wafer, then a portion of the wafer coated with a thicker resist may be exposed with a higher exposure dose tban 
a portion ofthe wafer coated with a thinner resist m response to the measured thidmess^^ In an additional 
1 5 ^um^le, a portion of a wafer coated with a ^cker resist may be heated to a higher tenqierature during a post 
closure back process than a portian of the wafer coated with a Mmer resist in response to a measured thickness 
variation. Indii8maniier,pn>cessconditionsof a lithograi^y process stq)inay vary acro^ 
critical metric of fb& hthography process may be substantially uniform across the wafor despite variations m resist 
properties. 

20 An additional embodiment relates to a system configured to reduce within wafer variation of a critical 

metric of a lithography process. The critical metric may include a critical dimension of a feature formed by the . - 
lithography process or any of the critical metrics as described above. The system may include at least one 
measurement device. At least the one measurement device may be configured to measure at least one property of a 
resist disposed upon a wafer during the lithography process. For exanq)le, at least the one measurement device may 

25 be configured to measure at least the one property of the resist at various locations across the wafer. In addition, at 
least &e one measurement device may be configured to measure at least tlie one property of the resist between steps 
of the Hthogr^hy process. Alternatively, at least the one measurement device may be configured to measure at_^. ^.. ^^ 
least die one property of&e resist during a step of&eUdiography process. For example, a measurement device 
may be integrated into a Uthogr^hy cluster tool as desoribedherem. Because a property of the resist may be 

30 measured during a lidiography process, a method as described herein may have a q[uicto: turn around time than 
conventional lithography process control inediods. Therefore, a mediod as described herdnrnayjdeld a lar^ 
nuinber of semiconductor devices having relatively high performance bin characteristics. At least the one property 
may include any of the properties as described herein. 

The system may also include a process module configured to perform a step of the lithography process. 

35 The process module may include, for examplo, a surface preparation module, a coat module, a bake module, an 
expose module, or a develop module. At least one parameter of the process module may be altered in response to 
at least the one measured property such that the within wafer variation of the critical metric may be reduced. In 
addition, at least the one parameter of the process module may be altered usmg a feedback control technique, a 
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feedforwaid control technique, an in situ ccmtiol f. At least the one parameter 

of &e process module may also be altered such that a first portion of the wafer can be processed with a first set of 
process conditi ns during the step and such tbat a second portion of the wafer can be processed witfi a second set of 
process conditions during the step. 
5 The system may also include a controller con^uter coupled to at least die one measurement device and the 

process module. The controller computer may be configured to receive at least one measured property of die resist 
from the measurement device. The controller conqmter may also be configured to alter at least one parameter of 
the process module in response to at least die one measured property. 

A further embodiment relates to a method for fabricating a semiconductor device. For example, the 

10 mediod may include measuring at least one property of a resist di^osed vpon a wafer during a Hdiography process. 
The mediod may also include altering at least one parameter of at least one process module in response to at least 
die one measured property of the resist to reduce widm wafer variation of a critical metric of die lithography 
process. In addition, die mediod may include processing the wafisr to fiom at least a portion of at least one 
semiconductor device upon die. wafer. For exaniple, processing die wafer may include etching, ion implantation, 

15 deposition, diemicalmechaiucd polishing, ch: plating. In this manner, semiconductor devices formed by die 
mediod may have higher performance bin distributions thereby inqprovuig not only yield but also high maigm 
product yield. 

BRIEF PESCMPnON OF THE DRAWINGS 
20 Further advantages of die present invention may become apparent to those skilled in die art with die 

benefit of the following detailed descr^tion of the preferred embodiments and xxpon reference to the accoicpanyihg ' 
drawings in which: 

Fig. 1 depicts a flow chart illustrating a method for evahiatmg and controlhng a Hthography process; and 
Fig. 2 depicts a plan view of a bake plate of a post exposure bake process module having a nurnber of 
25 discrete secondary heating elements in addition to an overall primary heating element 

While the invention is susceptible to various modifications and alternative forms, specific embodiments 
thereof are shown byway of exanqile hx the drawings and may herein be described in detail The drawings maynot 
be to scale. It should be imderstood, however, that die drawings and detailed descr^tion thereto are not intended to 
linoit the invention to die particular form disclosed, but on the contrary, die intention is to cover all modifications, 
30 equivalents and alternatives fidling within the spirit and scope of die present invention as defined by the ttppcnded 
claims. - . 

DETAILED BESCRIFnON OF THE PREFERREB EMBODIMENTS 
Turning now to die drawings. Fig. 1 illustrates an embodiment of a method to evaluate and control 
35 performance characteristics of a Hthography process. For example, the method may be used to reduce, and even to 
miniinize, within wafer CWIW^ variability of critical metrics of die lidiogiaphy process. Critical metrics of a 
lidiography process may include, but are not limited to, critical dimensions of features formed by the lidiography 
process and overlay. Critical dimensions of features formed during the lidiography process may include, for 
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exanople, a width, a height, and a sidewall profile of the features. A sidewall profile of a feature may be described, 
for example, by a sidewall angle of the feature with respect to an upper sur&ce of a wafer, a roughness of flie 
sidewall f the feature, and ffaer physical characteristics fthefeature. Overlay generally refers to a lateral 
position of a feature on ne level of a wafer wifli respect to a lateral position of a feature on anodier level of flie 
5 wafer. The lithography process may inchide optical lithography, e-beam lidi(>graphy, or x-ray lithography. 

A lithography chister tool, or a li1hogra|>hy track, may inchide a set of process modules. An example of a 
lithography cluster tool is ilhistrated in U.S. Patent No. 5,968,691 to Yoshioka et aL, and is incorporated by 
reference as iffiilly set forfli herein. The hthogri^hy chister tool inay be coupled to an e3q)osure tool. Afirst 
portion of tiie process modules may be configured to perform at least one step of the li&ogr^hy process prior to 

10 exposure of the resist A second portion of the process modules may be configured to perform process steps of the 
lithography process subsequent to e>q)osure of the resist The lithography cluster tool may also include at least one 
robotic wafer handler. The robotic wafer handler may move wafers from module to module. The robotic wafer 
handler may also be used to move wafers from the lithography cluster tool to the exposure tool 

As shown in step 10, the robotic wafer handler may pick up a wafer from a cassette, which may be loaded 

15 intothelithography chister tool by an operator. The cassette xriay contain a number ofwafers which may be 

processed during die lithography process. The wafera may be bare silicon wafers. Ahematively, the wafers may 
have been processed prior to the lithography process. For exan^le>topogrq)hical features inay have been fanned 
ondiewafers. The topogr^hical features niay include trenches, vias, lines, etc. In addition, one or more layera of 
a material such as a dielectric material may have been formed on die wafers prior to the lidiogn^hy process . 

20 The wafer inay be placed in a process znodule such as a surfeceprepanitiondiamber, as 12. 

The surface preparation chamber may be configured to form a layer of an adhesion promoting chemical such as 
hexamethyldisilazane (''HMDS*') onto the surface of the wafer. HMDS may be deposited at a temperature of 
approximately 80 to approximately 1 80 °C. Therefore, after the surface preparation process, the robotic wafer 
handler may remove die wafer from die surface preparation chamber and may place the wafi^ into a chill module, 

25 as shown in step 14. As such, a wafer may be lowered to a temperature suitable for subsequent processing (e.g., 
approxhnately 20 °C to approximately 25 °C). 

In an additional enibodiiiien^ an anti-refiective coating-may also be formed on the surfece of the wafer. 
The anti-reflective coating may be formed on the wafer, for exanople, by spin coating followed by a post apply bake 
process. Since a post zpply bake process for an anti-reflecttve coatmg generally involves heating a coated wafer to 

30 a temperature of approximately 175 to appraxinoately 230 ^C, a chill process may also be poformed subsequent 

to the post q)ply bake process. . 

A resist may be formed upon die wafer, as shown in step 16. For example, die wafer may be placed into a 
resist apply process module. Aresistmaybeautomatically dispensed onto an i^per surfece of die wafer. The 
resist may be unifonnly distributed across the wafer by spinning die wafer at a high rate of speed such as about 

35 2000 rpm to about 4000 rpm The spinning process may adequately dry die resist such that die wafer may be 
removed from the resist apply module without affecting the coated resist As shown in step 18, die resist-coated 
wafer may be heated in a post apply bake process. The post apply bake process may include heating the resist- 
coated wafer at a temperature of approximately 90 °C to approximately 140 °C. The post apply bake process may 

5 
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be used to driv excesss Iv^ (mt of the resist and to alter a property of an iqyper surface of 
sur&ce tension. Subsequent to die post apply bake process, the wafer.may be diilled at a teniperature of 
^iproximately 20*^0 to approximately 25 as shown in step 20. 

The method may also include measuring a property of the resist f mied \xpoa the wafer subsequent to 
5 chilling. As diown in step 22, for exanq>le, die wafer may be moved to a measurement device, or a wifiiin^^ 
£Um measurement device, subsequent to chilling after die post apply bake step. Alternatively, the wafer may 
remain in die chill module during measurement if, for example, die measurement device is coupled to die chill 
module. The measurement device may be any device configured to use an optical technique to measure at least one 
property of die resist The measurement device may also be configured to measure at least one property of the 

10 resist at more dian one position on die wafer. The optical technique may include, but is not limited to, 
scatterometry, interferometry, reflectometiy, spectroscopic ellipsometry or spectroscopic reflectometty. 
Additionally, odier optical measurement devices may also be used to measure a property of die resist Examples of 
measurement devices which may be used are illustrated in U.S. FatentNos. 4,999,014 to Gold etal, 5,042,951 to 
Gold et aL, 5,412,473 to Rosencwaig et aL, 5,516,608 to Hobbs et al., 5,581350 to Oben et al., 5,596,406 to 

15 Rosencwaig et aL, 5,596,41 1 to Fanton et al., 5,608,526 to Piwonka-Corle et al., 5,747,813 to Norton et al, 
5,771,094 to Carter et al., 5,798,837 to Aspnes et al., 5,859,424 to Norton et al., 5,877,859 to Aspnes et aL, 

5.889.593 to Bareket et al., 5,900,939 to Aspnes et al., 5,910,842 to Piwonka-Corle et al., 5,917,588 to Addiego, 

5.917.594 to Norton, 5,973,787 to Aspnes et aL, and 5,991,699 to Kulkanu, et al. and are mcoiporated by reference 
as if fiiUy set forth herein. Additional exanq>le5 of measurement devices are illustrated in FCT Application No. 

20 WO 99/02970 to Rosencwaig et al. and PCT Application No. WO 99/45340, and are incorporated by reference as if 
fully set forth herein. " ^ " 

The measurement device may measure at least one property of die resist In addition, the measurement 
device may measure several properties of the resist substantially simultaneously. A property of die resist measured 
subsequent to a post apply bake process may include, but is not limited to, a thickness, an index of refraction, or an 

25 extinction coe£Gcient of the resist The measured property may be sent to a controller computer, or a widun wafer 
fihn controller, as shown in step 24. Il^contronercoii^uterniay be coupled to die nieasurement device. The 
controller coniputer may determine a parametra of a process^stqrof the Hdiography process in response to the 
measured property of die resist For example, die controller con^ter may detemune a parameter of a process step 
as a function of the resist using an e}q)erimentally determined or numericaliy simulated relationship. Ihe controller 

30 conq^uter may also be coi^led to at least one process module of the lidiogr^hy cluster tooL In this manner, the 
controller coniputer may be configured to alter a parameter of a process module of a lidiography cluster tooL 
Therefore, the controller computer may control the operation of any of the process modules included in die 
lithography cluster tool. Alternatively, a parameter of a process module may be altered manually by an operator in 
response to ou^ut fiom the measurement device or the controller computer. 

35 In an embodiment, a feedforward control technique may be used to alter a parameter of a process module. 

For example, an operator or a controller computer may determine at least one parameter of a process module that 
may be used to perform an additional Ixthogn^hy process step on die measured resist. Additional lithography 
process steps may include eiqposure and post exposure bake. In this maimer, the property of the resist may be used 

6 
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toalterapaimaeterof apn>cessmodule(xm£iguiedto|^ suiesteporap stesqxisuie bake step. For 

exan^>le, a thickness, an index of redaction, and/ r an extinctidn coefiScient of the resist measured subsequent to 
the chilling process may be used to detenxiine an exposure dose of an ex^osxm ]nocess r a temperature of the post 
exposure bake process. An perator r the controller cQnq)uter may alter at least one parameter of 1h exp sure 
5 process module or the post exposure bake process module in response to the deteimined exposure dose or 
tenq>erature, respectively. 

In addition, because at least one property of the resist may be measured at various positions across the 
wafer, at least one parameter may be determined for each of the various positions. As such, a parameter of a 
process module may also be altered, as described above, indq)endently from field to field on the wafer. For 

10 exan^le, process conditions such as exposure dose and/or post exposure bake temperature may vary across the 
wafer in subsequ^t processes in response to variations in at least one measured property from field to field across 
the wafer. In this manner, critical metrics of the lithography process may be substantially uniform across the wafer. 

In an additional embodiment, a feedback control technique may be used to alter a parameter of a process 
module . In fins manner, a parameter of at least one process module ibat may have been used to form the resist may 

15 be altered prior to or during processes to form resist on additional wafers. Additional wafets may include a wafer 
included in the same lot as die measured wafer or a wafer included in a diffetent lot dian the measured wafer. Such 
a parameter may be detemoined in response to at least the one measured property of die resist as described above. 
For example, the property of the resist may be used to aher a parameter of the resist apply pn)cess module or die 
post apply bake process module prior to and/or during processing of additional wafers. 

20 As shown in step 26, the wafer may be transferred to an e?q)osure process module. The e?(posure process 

module may perform a number of operations that may include, but are not limited to, aligning a wafer and exposing 
die resist in a predetermined pattern. For example, the exposure process module may include any stepper or 
scanner known in the art. E^qrasing the resist may also iaclude exposing the resist to a specific intensity of light, or 
an exposure dose, and a specific focus condition. Many exposure process modules may be configured such that die 

25 exposure dose and focus conditions of the expose process may be varied across the wafer, for example, &om field 
tofield. The esqiosure dose and focus conditions inay be determined and/or altered as described 

feedback or. feedforward control technique. . . 

As shown in step 28, an q>tional process step in die lithography process may include an edge exposure 
step. The edige exposure step may include e^>osing resist disposed proximate an outer edge of die wafer to a light 

30 source to remove the resist at the outer edge of die wafer. Such removal of die resist at die outer edge of a wafer 
tnayreduce.contaminationofprocesschainbers and devices used in subsequent processes . . ... 

As shown in step 30, the wafer may be subjected to a post exposure bake process step. The post exposure 
bake process may be used to drive a chemical reaction in exposed portions of the resist such diat portions of the 
resist may be removed in subsequent processing. As such, the performance of the post exposure bake process may 

35 be critical to the performance of the lithography process. The post exposure bake process may include heating die 
wafer to a temperature of approximately 90 *C to approximately 150 *C. As shown in step 32, a measurement 
device, or a within wafer critical dimension measurement device, may be coxtpled to the post exposure bake process 
module, hx diis manner, a property of the resist may be measured during the post exposure bake process. The 

7 
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measurement device may use an optical technique to measure a property of tiie resist sudi as IliicknesS) linewidth of 
a latent image, height of a latent image, indesK of refraction, or extinction coefficient The measuremrait device. may 
be CQnfigiued to use a technique such as scatteiometiy, intetferometry, xeflectometiy, spectroscopic eltipsometcy, 
and spectroscopic reflectometty. Additional exanq>les f measurement devices may include any f&e 
5 measurement devices as described herein. Therefore, &e measured property offte resist may be used to evaluate 
and control the post exposure bake process using an in situ control technique. For exan^le, die measurement 
device may measure a property of &e resist during the post 63q)osure bake process, and a parameter of the post 
exposure bake process module may be altered in response to the measured property during &e process. 

In addition, the measurement device may be used to measure a property of tiie resist at various times 

10 during a post exposure bake process. As such, the measurement device may monitor variations in at least one 

property of the resist over time. In this maimer, a signature characteristic of an enc^int of the post exposure bake 
process may be determined, and at which time, the process may be ended. Monitoring variations in at least one 
property of the resist during ih& post ^qposure bake process may also be enhanced by measuring at least one 
property of the resist at mult^e positions on the wafer. 

1 S The measurement device may be configured to measure a property of the resist at multq^le positions within 

a field and at multiple positions witiiin at least two fields on the wafer during die post exposure bake process. In 
this manner, at least one parameter of tiie process module may be determined at various positions across die wafer. 
As such, a parameter of the post e3q>osure bake module may be altered indqiendendy as described above from field 
to field on the wafer. For exa^^>le, a temperature of a bake plate of die post exposure bake process module may 

20 vary across the bake plate during the post exposure bake process in response to variations in at least one 

measuremenf property of tiie resist 35om field to field across the wafer. Therefore, wii£m wafer variations of 
critical parameters may be reduced, or even minimized. 

As shown in Fig. 2, a tenq)erature of die post exposure bake plate may be altered across the bake plate by 
using a number of discrete secondary heating elements 48 disposed within primary heating elem^t 50. Secondary 

25 heating elements 48 and primary heating element 50 may include resistive heating elements or any other heat 

source known in die art Secondary heating elements 48 may be independently controlled, for example^ by altering 

an electrical aariaett supplied to each of die secondary heating elements to alter a temperature privfile of pdmary 

heating element 50. As such, a tBnq[)emture profile across a wafer during a post exposure bake processus 
altered such that individual fields on a wafer may be heated at substantially the same temperature or at individually 

30 determined tetnperatures. In this manner, a uniformity of critical metrics of a lidiogniphy process across a wafer 
maybeiiiareased. ^ .--^^ 

Referring to Fig. 1 again, as shown in step 34, subsequent to the post exposure bake process, die wafer 
may be chilled Subsequent to chilling, the wafer may be moved to a measurement device. Alternatively, the wafer 
roay remain in the chill module during measurement if, for example, die measurement device is coupled to die chill 

35 module. The measurement device may be configured as any measmement device as described herein. The 
measurement device may measure at least one property of the resist In addition, the measurement device may 
measure several properties of the resist substantialty simultaneously. A property of the resist measured subsequent 
of during die chill process may include, but is not limited to, a tiiickness, a linewiddi of a latent image, a height of a 
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latent ixnage» an index: of refraction, or an extinction coefficient The measoxed property of Hxe resist may be used 
to alter a parameter fa process module ffheH%>gra|)liy cluster tool using a feedback control ted^ 
feedforward c ntrol tedhnique. For exanqple, the ineasured property oftiie resist may be used to alter 
dose or a post exposure bake temperature using a feedback control technique or to alter a develop time using a 
5 feedforward control technique. 

The measurement device may be cozifigored to measure a property of the resist at mul^^ 
a field and at mult^le positions within at least two &lds on the wafer subsequent to or during the chill process. In 
this manner, at least one parameter of a process module of a litiiogr^hy cluster tool may be determined at various 
positions across the wafer. As such, a parameter of an exposure process module, a post exposure bake process 
10 module, or a develop process module may be altered independentiy as described above from field to field on the 
wafer. For example, a temperature of a bake plslte of the post exposure bake process module may vary across the 
bake plate in response to variations in at least one measurement property of die resist from field to field across the 
wafer. As desaibed above, therefore, within wafer variations of critical parameters may be reduced, or even 
minimized. 

15 As shown in step 36, subsequent to the post exposure process, die wafer may be subjected to a develop 

processstep. Ilie develop process step may be configured to remove a portion of the resist For exanqsle, a 
develop process may include dispensing an aqueous developer solution on a wafia subsequent to a post esqpoaxm 
bake process and rinsing the wafer with de-ionized water. Resist remainiiig after the develq) process step may 
define a pattem formed in die original resist layer. Hie formed pattem may include an arrangement of lines, 

20 spaces, trenches, and/or vias. Subsequent to the develop process, as shown in step 38, a measurement device, or a 
within wafer critical dimension measurement device, may be used to measure a property of the resist sudi as, but 
not limited to, a thickness, an index of refraction, or an extinction coefficient of die remaining resist, a width, a 
height, or a sidewall profile of a feature, or overlay. The measured property naay be sent to a controller counter, 
or within wafer critical metric controller, as shown in step 46. 

25 A parameter of a process module involved in the lithogr^hy process may be altered in response to the 

measured property using a feedback control technique. For exanq>le, die altered parameter of the process module 
may be a fimction of the measured property of the xesist-The feedback control technique may mclude, for 
example, measuring a linewiddi of features formed in the resist subsequent to the develop process step and altering 
a parameter of an expose process module or a post cxposmo bake process module, wtddi may be used to febricate 

30 additional wafers. In additiori, a linewiddi of features fonned in die resist noay be ineasured at various position 
across the wafer subsequent to the dev^op process step; In this maimer, parameters of an expose process module 
may be altered at the field level in response to die measured properties of die resist by altering parameters of the 
expose process step such as the exposure dose and the exposure focus conditions at each field As such, die 
controller computer may provide a two-dimensional array of e3q)osure doses and/or exposure focus conditions to 

35 the e>q)osure process module in response to the measured property of the resist Therefore, within wafer critical 
metrics of the lithography process may be reduced, or even minimized. 

As shown in step 40, subsequent to measuring a property of the resist, a hard bake, or post develop bake, 
process step may be performed. The hard bake process may be used to drive contaminants and any excess water 
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from the resist Therefore, the hard bake process may include heating the wafer at a temperature of approximately 
90 *C to approximately 1 30 'C. As shown in step 42, die temperature of the wafer may then be reduced by using a 
wafer chill process. Subsequent to tiie wafer chill process of step 42, an additional measurement of at least one 
property of the resist may be performed as described herein, as shown in step 44. Ibe measurement device may be 
5 configured as described in any of the above embodiments. This measurement may also be used to alter a parameter 
of a process module using a feedback control technique as described herein. For exanq)le, at least one measured 
property of a resist may be sent to a controller computer, or a within wafer critical dimension controller, as shown 
in step 48. 

It is to be understood that all of the measurements described above may be used to alter a parameter of a 
10 lithography process module using a feedback, a feedforward, or in situ process control technique. In addition, 
within wafer variations of criticafmetrics of a hSiography process may be further reduced by using a combination 
of the above techniques. The method may also include measurements at additional points in a li&ogn^ifay process 
sudi as measuring at least one property of an anti-refiective coating subsequent to forming the anti-reflective 
coatmg on a wafer. The property of the anti-reflective coating may be used to alter a parameter of a process 
IS module usmg a feedback control technique, a feedforward control technique^ or an in situ control technique as 
described herein; 

In an additional embodiment, a system configured to evalmite and control a lilhogr^ 
include at least one measurement device and at least one process module. The system may be configured to reduce, 
and even to rninimize, within wafer variability of at least one critical metric of die lithography process. Critical 

20 metrics of a lidiography process include, but are not limited to, critical dimensions of features formed by the 
Uthography process aiuiWSMy as descnbed'above. 

A measurement device may be configured to measure at least one property of a resist disposed i^on a 
wafer during the lidiography process. As shown in Fig. 1, for exanq>le, a measurement device may inchide widiin 
wafer film measurement device 22, wititin wafer critical dimension measurement device 32, within wafer critical 

25 dimension measurement device 38, and/or within wafer critical dimension measurement device 44. Such 
measuremuent devices may be configured as described hoein. In addition, the system may include additional 
measurement devices as described herein: The'measnrement device may be configured to measure the property of 
the resist during any of the process steps as described above or subsequent to any of die process steps as described 
above. 

30 In an embodiment, therefore, die measurement device may be coiq)led to at least one of the process 

modules such fliat the measurementdevice may perform an in situ measurement of a resist Alternatively, the - 
measurement device may be disposed within a lithography cluster tool such that die measurement device may 
perform a measurement of a resist between two process steps. In diis maimer, a method as described herein may 
have a quicker turn around time than conventional lithography process control methods. As described herein, at 

35 least the one measured property may include a thickness, an index of refiaction, an extinction coefiEicient, a 

linewidth of a latent image, a height of a latent unage, a widdi of a feature, a height of a feature, a sidewaU profile 
of a feature, overlay, or any combmation thereof. At least die one measurement device may also be configured to 
measure at least the one property of die resist at various locations across the wafer. For exanq)le, a dndkness of the 
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lesist may be measured at various p sMons or fields across tiie wafer, in addition, a property of the resist may be 
measured at various positions witibin a field of tiiie wafer or at various positions witihin several fields of fbe wafer. 

A process module may be configured to perform a step of die Uth grapl^rproc ss. As shown in Fig. 1, for 
exaixq^le, such pixKsess modules may include, but are not limited t0|Sur&cep^ n chamber 12, resist apply 
5 process module 16, post s^ly bake process module 1 8, cxpomo process module 26, post e^qposure bake process 
module 30, develop process module 36, and hard bake process module 40. At least one parattaeter of fiie process 
module may be altered in response to at least the one measured property such that within wafer variation of the 
critical metric can be reduced, or even minimized. For exan^le, at least one parameter of a process module may be 
altered using a feedback control technique, a feedforward control technique, an in situ control technique, or any 

10 conobination thereof* 

In addition, at least the one parameter of the process module may be altered such that a first portion of the 
wafer may be processed with a first set of process conditions during a step of the hthography process and such that 
a second portion of the wafer may be processed wifli a second set of process conditions during die step. For 
example, each portion of the wafer may be a field of the wafer. In flus manner, each field of the wafer may be 

1 5 subjected to a dif^Dent process conditions such as, but not limited to, exposure dose and focus conditions and post 
exposure bake teDq)eratures. As such, because each field of a wafer may be subjected to process conditions that 
may vary depending a measured property of a resist fanned upon the waf witfam wafer variations m critical 
metrics of die hdiQgraphy process may be substantially reduced, or even niinumzed 

The system may also include a contcoUa compater coupled to at least one measuremeot device and to at 

20 least one process module. As shown in Fig. 1, for example, a controller conq>uter may include within wafer fifan 
controller 24 and within wafer critical dimension controller 48. The controller con^uter may include any 
appropriate controller device known in the art. The controller computer may be configured to receive at least one 
measured property of the resist fiom the measurement device. In addition, the controller computer may be 
configured to determine at least one parameter of a process module in response to the measured property of the 

25 resist For exan^le, the controller conq>uter may be configured to use an experimentally determined or a 

nummcally simulated relationshq) between the property and the parameter to detemome a parameter in response to 

the property. The controller conq)Uter may be fnrdier configured to control the processmodule such that die 

parameter may be altered in response to the determmed parameter. Therefore, the altoed parameter of die process 
step may be a fenction of at least one measured property of the resist Ihe controller computer may also be 

3 0 configured to control die measurement device to measure die physical property of die resist 

In an additional embodiment the system may be configured to momtor variations in at least one property 
of die resist For example, a measurement device may be configured to measiue a property of the resist 
substantially continuously or at predetermined time intervals during a step of the lithography process. A controller 
computer coupled to the system may, therefore, receive die measured property firom die measurement device and 

35 may monitor variations in the property over the duration of a process step of the lithography process. By analyzing 
the variations in at least one property of the resist during a step of the lithography process, the controller computer 
may also generate a signature representative of a process step such as a post exposure bake process. The signature 
may include at least one singularity which may be characteristic of an endpoint of die post exposure bake process. 

11 
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An appropriate eadpoint for tfae pr cess step may be a Unewidft or a ttickness of a latent image in die resist formed 

. , during liie post exposure bake process. The linewidHi of liie diickness of latent-image may be larger or smaller 
depending iqxm the soxuconductor device feature being &bricated by lliel^ graphy process. After flie controller 
conqmter may have detected flie singularity of fte signature, die controller computer may stop the post esqxisure 
5 bake process by altering a level of a parameter of an instrument coupled to die post exposure bake process module. 

In an onbodiment, a method for febricating a semiconductor device may include a li&ography process in 
which a pattern may be transferred from a reticle to a resist For example, portions of the resist may be removed 
using a lithography process such that regions of die wafer or an underlying layer may be exposed to a subsequent 
process such as an ion implantation process. The predetermined regions may be regions of die wafer or die 

10 underlying layer in which features of a semiconductor device are to be formed such as, for example, source/drain 
junctions. Fabricating a semiconductor device may also include evaluating and controlling a lithography process 
by measuring at least one property of a resist dii^osed upon a wafer during the lidiography process. In addition, 
measuring at least one property of die resist may include measuring within wafo variations in at least one property 
of die resist during die lidiography process. The physical property of die resist may be altered by a process step of 

15 dielidiogr^hypcocess. 

The mediod for febricating a semiconductor device may also include detemaining and/or altering at least 
one parameter of a process module which may be configured to perform a step of die lidiogcaphy process. The 
altered parameter may be determined in response to at least one measured property of the resist to reduce widiin 
wafer variations of a critical metric of die lithography process. For example, the altered parameter may be 

20 detemiined using a function which describes a relationshq) between the physical property of the resist and a 
parameter of the process step of the lithography process. The altered paraineter niay also be determined 
independendy at various positions within a field or within several fields of die wafer. In diis maimer, 
semiconductor devices fabricated by the metiiod may have higher performance bin distributions thereby improving 
not only yield but also high margin product yield In addition, die method for fabricating a semiconductor device 

25 may include processiiig a wafer to form at least a portion of at least one senuconductor device i^n&^ For 
example^ processmg the wafer may include at least one semiconductor fabrication process such as etching, ion 
in^lantation, deposition, chemical mecharucal polishing, platmg, and/(^ My &duT sen^^ &brication 
process known m die art. 

A set of data may be collected and analyzed that may used to detenmne a parameter of a process module 
30 inresponsetoameasuredproperty of a resist formed iqxm a wafer. Process control mediods as described herein 
may also be used to furdier opthnize a lithogr^hy process by using dpticd^measurements as described herein in 
conjunction with electrical measurements of a semiconductor device diat may be formed with die lithography 
process. The combination of optical and electrical measurements may provide a larger amount of characterization 
data for a lithography process. In this manner, die characterization data may be used to understand die mechanisms 
35 of lithography, to pin-point the cause of defects, and to make accurate adjustments to parameters of various process 
modules, or the process conditions. In addition, such a process control strategy may be used to qualify, or 
characterize the performance of, a new lidiography tool. Hie process control method may also be used to con^are 
the performance of several similar lithography tools. Such a coirqparison may be used, for example, in a 
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manu&cturing environment in which several tools may be used in paiaOel to manu&ctuie one device or product 
Futthennoie, diis process control strategy may be used to deteimihe an appropriate resist and thickness in the 
development stages of defining a lithography process. 

In an enibodiment, a quantitative relationship may be developed between a parameter of a process module 
5 that may be varied and a property of a resist. Forexan^le^ammiberofwafers may be processed using variations 
of a parameter of tiie process module. All other parameters of the process module and additional process modules 
may remain constant, and a correlation between the varied parameter and a property of the resist may be developed. 
In this manner, an algorithm that describes the quantitative relationship between each of the process parameters for 
a process module and the measured property of the resist may be determined. The developed algorithms may be 

10 used during processing of product wafers to determine if die process is operating within design tolerance for a 

process and a process module. Additionally, algorithms may be developed and used to further optimize axurrent * 
process, to characterize a new process module, or to develop processes to fabricate next generation devices. 

Forthermore, this algorithm may be integrated into a controller for a measurement device or a process 
module. The controller may by a computer system configured to operate software to control the operation of a 

15 measurement device such as a scatterometer, an interferometer, a reflectometer, a spectroscqric ell^someter, or a 
spectroscopic reflectometer. The computer system may include a memory medium on uriiich conqniter programs 
for operating die device and perfonning calculations related to the collected data. The term "memory medium" is 
intended to inchide an installation medium^ e.g., a CD*ROM, or floppy disks, a compute system memory such as 
DRAM, SRAM, EDO RAM, Ranibus RAM, etc., or a non-volatile memory such as a magnetic media, e.g., a hard 

20 drive, or optical storage. The memory medium may include other types of iDiemory as well, or combinations 

thereof. In addition, tiie memory medium may be located in a first compatsr in which the programs are executed^ -. 
or may be located in a second different computer that connects to die first conq)uter over a network. In die latter 
instance, the second coiiq)uter provides the program instmctions to die first conqputer for executioit Also, die 
con^)uter system may take various forms, inchidmg a personal com$mter system, mainfiame conq)uter system, 

25 workstation, networic appliance, Internet appliance, personal digital assistant (PDA^ television system or other 
device. In general, the term "conqiuter system'* may be broadly defined to encon:q>ass any device having a 
processor ^chexeoites instructions firom a xnemory medium. . 

The memory medium preferably stores a software progr a m for die operation of a measurement device and/or 
a process module. Ihe software program inay be iixq>lemented in any of various ways, iiicludi^ 

30 tediiiiques,conq)onent-based techniques, and/or object-^^ For example, the software 

program may be implemented using ActiveX controls, C++ objects, JavaBeans, Microsoft Foundation Classes (MFQ, > ■ 
or other technologies or mediodologies, as desired A CPU, such as the host CPU, executing code and data fiom the 
memory medium includes a means for creating and executing the software program according to the methods 
described above. 

35 Various embodiments further include receiving or storing instmctions and/or data inq^lemented in 

accordance widi the foregoing description upon a carrier medium. Suitable carrier media include memory media or 
storage media such as magnetic or optical media, e.g., disk or CD-ROM, as well as signals such as electrical, 
electromagnetic, or digital signals, conveyed via a communication medium such as networks and/or a wireless link. 
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The softwaze for a measinement device may then be used to xnGmtor and predict ike processing conditions 
of suibsequait Myography processes. Preferably, &6 predefined ^oxitlun for a process step of die ti&ogra^hy 
process inay be incorporated into die software package that inter&ceswidilh^ Ihdiis 
maimer, dies ftwareinay be configured to receive data dmtiiiay be naeasured by die mea^^ Hie 
5 software may also be configured to perform appropriate calculations to convert the data into properties of the resist 
Additionally, die software may also be configured to con^are a property of a resist formed on a product wafer to a 
property of a resist formed on a reference wafer for a lithography process. In diis manner, the software may be 
configured to convert variations in the properties to variations that may occur in the process conditions. 
Furdiermore, by incorporation of the appropriate algorithm, the software may also be configured to convert the 
10 properties of a resist into meaningfiil data about die process conditions of the lithography process including a 
chai:acter&tic of ki oqpoiure 

A mediod to evaluate and control a lithogr^>hy process usiag field level analysis as described above may 
provide dramatic impravemeats over current process control methods. Measuring within wafer variability of 
critical metrics, or critical dimensions, iiiay provide tighter control of the cr^ In 
15 addition to improving the manufactoring yield, dierefore, die mediod described above may also enable a 
manufocturmg process to locate die distribution performance of mannfactared devices closer to a higher 
performance level. As such, the high margin product yield may also be inq}roved by using such a method to 
evaluate and control a Hthography process. Furthermore, additional variations in the lithography process may also 
be minimized. For example, a process may use two different post exposure bake units to process one lot of wafers. 
20 Two bake units may be used to perform the same process such that two wafers may be processed simultaneously in 
order to reduce the overall processing time. Therefore, the above method may be used to evaluate a£id control eafcb 
bake unit separately. As such, die overall process spread may also be reduced. 

The data gathered in accordance with die present invention may be analyzed, organized and displayed by 
any suitable means. For example, the data could be grouped across die wafer as a continuous function of radius, 
25 binned by radial range, binned by stepper field, by x-y position (or range of x-y positions, such as on a grid), by 
nearest die, and/or otiier suitable mediods. The variation in data may be reported by standard deviation fiom a 
mean vahie, die range of ^alue^ andA)r any odier suitable statistical method. — — - - 

The extent of the within wafer variation (such as die range, standard deviation, and die like) may be 
analyzed as a function of wafer, lot and/or process conditions. For exan:^le, the widiin wafer standard deviation of 
30 themeasuiedCDmaybeaiialyzedforvariationfi:omIottolo^ wafer to wafer, and die like. Itmayalsobe 

grouped, reported and/or analyzed as a function of variation in one or more process conditions, siich as devel<^ "^^^^ • 
time, photolidiographic exposure conditions, resist thickness, post exposure bake time and/or tenq)erature, pre- 
exposure bake time and/or temperature, and the like. It may also or instead be groiq}ed, reported and/or analyzed as 
a function of within wafer variation in one or more of such processing conditions. 
35 Ibe data gadiered in accordance the present invention may be used not just to better control process 

conditions, but also where desirable to better control in situ endpointing and/or process control tedmiques. For 
exanqple, data gathered in accordance the preset invention may be used in conjunction with an apparatus sudi as 
that set fortb in U.S Patent No. 5,689,614 and/or Published European patent Application No. £P 1066925 A2, 
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which are hereby incozporated by reference as if Mty set fortih hereni, to improve fte control over localized heating 
oftiie substrate or closed loop c ntzolalg litfams.. WitiUn wafer variation data couM be fed forward or back to 
such a tool to optimize the algorithms used m control of local wafer heating or polishing, or even to optknize the 
tooldesign. In another example f such localized process control»wtffain wafer variation data c uldbeusedto 
5 control or optimize a process or tool such as fliat set iotOx in one or more of Published PCT Patent Applications 
No. WO 99/41434 or WO 99/25004 and/or Published European Patent i^lication No 106S567A2, which are 
hereby incorporated by reference as iffiilly set forth herein. Again, wiOun wafer variation data taken, forexanqile 
fiom stand alone and/or integrated measurement tools, could be used to better control and/or optimize die 
algoriduns, process parameters and integrated process control apparatuses and methods in such tools or processes. 

10 Data regarding metal diickness and its within wafer variation could be derived &om an x-ray reflectance tool such 
as that disclosed m US Patent No. 5,619,548 and/or Published PCT Application No. WO 01/09566, which are 
hereby incorporated by reference as if fully set forth herein, by eddy current measurements, by e-beam induced x- 
ray analysis, or by any odier suitable method 

Further modifications and aUemative embodiments of various aspects of the inventioa may be apparent to 

15 those drilled in the art in view of diisdescrq)tion. For example, me&ods and systems for Mogn^hy process 
control are provided Accoitiingly, this descripticn is to be construed as iUustrativeoiily and b 
teac^g those sIdUed in the art the general rrmmier of canying out die i^^ It is to be understood that die 
forms of die invention shown and described herein are to be taken as the presendy preferred embodiments. 
Elements and materials may be substituted for those illustrated and described herein, parts and processes may be 

20 reversed, and certain features of the invention may be utilized independently, all as would be apparent to one 

skilled in the art after having the benefit of this description of the invention. Changes may be made in the elements 
described herein without departing horn the spirit and scope of the invention as described in the following claims. 
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1. Ametii d for reducing witlim wafer vanaticm of a ci^ fa Holography piocess^conqxrisiDg: 
measurmgatleastoaeproperty of a resist disposed graphy process; and 

5 altering at least one parameter of a process module, configured to perform a step of the lithography 

process, in response to at least die one measured property of the resist to reduce the within wafer variation 
of the critical metric. 

2. The method of claim. 1 , wherein the critical metric comprises a critical dimension of a feature formed by 
10 the li&ography process. 

3. The method of clahn 1, wherem measuring at least the one property of die resist comprises measuring at 
least the one property at various locations across the wafer. 

15 4. The method of claim 1, wherem measuring at least the one property of the resist comprises measurmg at 
least die one property between steps of die Mogc^hy process . 

5« The method of claim 1, wherein measuring at least the one property of the resist comprises measuring at 
least the one property during a stqp of the Mognqphy process. 

20 

6. The method of claim 1, further conpising measuring atleast one property of a resist disposed upon at 
least two wafers during die lithography process, wherein the altered parameter further conqirises a fonction of at 
least die one measured property of the resist disposed upon at least the two wafers, 

25 7. The method of claim 1, wherein at least die one property comprises a thickness, an index of refraction 
extinction coefiScient, a Imewiddi of a latent miage, a height of a latent image, a widdi of a feature, a height of a 
feature, overlay, or any combination thereof. - - - 

8 . The mediod of claim 1 , wheiein altering at least the one paramet^ comprises using a feedback control 
30 technique. 

9. The method of claim 1, wherein altering at least the one parameter comprises using a feedforward control 
technique.. 

35 10. The mediod of claim 1 , wherein altering at least die one parameter con^xrises using an in situ control 
technique. 
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11. Themelhod f claim 1, wherein altering at least flie one parameto 
technique, a feedfoiwaxd control technique, an in sitn control technique, r any combination &ereo£ 



1 2. The noethod of claim 1, wherein altering at least die one parameter conqxrises processing a first portion of 
5 die wafer widi a first set of process conditions during the step and processing a second portion of the wafer with a 

second set of process conditions during die step. 

1 3 . The mediod of claim 1 , wherein die process module conqirises a surface preparation module, a coat 
module, a bake module, an expose module, or a develop module. 

10 

14. A system configinred to reduce within wafer variation of a critical metric of a Mthography proc^ 
use, conq>rising: 

at least one measurement device configured to measure at least one property of a resist disposed upcm a 
wafer during the litfaogr^y process; and 
13 a process module configured to perform a step of die lidipgr^y process during use, mlierehi at least one 

pararneter of the process modde can be dtered in response to at least die one measured prope^ 
die widiin wafer variation of the critical metric can be reduced. 

1 5. The system of claim 14, further conqpiising a controller conqmter coiq>led to at least die one measurement 
20 device and die process module, wherein the controller con^ter is configured to receive at least one measured 

property of die resist from die measurement device during use, and wherein the. controller con^mter is configured 
to alter at least the one parameter of die process module in response to at least die one measured property during 
use. 

25 16. The system of claim 14, wherein the critical metric conpises a critical dimension of a feature formed by 
the Hthography process. 

17. The system of claim 14, Mdierein at least the one measurement device is furdier configured to measure at 
least die one property of the resist at various locations across die wafer. 

30 

J 8. - The system of claim 14, wherein at least die one measurement device is furdier ccmfignred to measure at 
least die one property of die resist between steps of die lidiogrz^l^ process. 

19. The system of claim 14, wherein at least the one measurement device is further configured to measure at 
35 least the one property of the resist during a step of the lithography process. 
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20. Hiesystem f claim 14, wherein at least die oxie property coniprises a tluckn fiefiraction, an 

eTClmcticm coefficient, a linewidih of a latent image, a hd^t of a latent image, a width of a feature, a.heigiht.of a 
feature, overlay, or any combination thereof. 

5 21. The system of claim 14, wherein at least one parameter of the process module can be altered using a 
feedback control technique. 

22. Ihe system of claim 14, wherein at least one parameter of fte process module can be altered using a 
feedforward control technique. 

10 

23. The system of claim 14, wherein at least one parameter of the process module can be altereil using an in 
situ control technique. 

24. The system of claim 1 4, wherein at least one parameter of the process module can be altered using a 
15 feedback control technique, a feedforward control technique, an in situ control technique, or any combination 

thereof. 

25 . The system of claim 14, wherein at least ihe one parameter of flie process module can be altered such ^ 
a first portion of the wafer can be processed with a first set of process conditions during the step and such that a 

20 second portion of the wafer can be processed with a second set of process conditions during the step. 

26. The system of claim 14, wherein the process module conqprises a surface preparation module, a coat 
module, a bake module, an expose module, or a develop module. 

25 27. A method of fabricating a semiconductor device, conqndsing: 

measuring at least one property of a resist disposed upon a wafer during a litfaogmphy process; 
iEitt^g at least one parameter of a process module, configured to perfomi a step of the Urography 

process, in response to at least die one measured property of Ihe resist to reduce widiin wafer variation of a 

critical metric of the lithography process; and 
30 processing the wafer to form at least a portion of at least one semiconductor device i^xm die wafer. 



28. The method of claim 27, wherein processing the wafer comprises etching, ion inq>lantation, deposition, 
chemical mechanical polishing, or plating 



35 
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